Introduction {#s001}
============

N[early]{.smallcaps} 29 [million Americans]{.smallcaps} (or about 9% of the US population) have diabetes.^[@B1],[@B2]^ Among people with diabetes, racial/ethnic minorities are disproportionally affected by the disease. Compared with non-Hispanic white adults, the risk of diagnosed diabetes in 2010 was 18% higher among Asian Americans, 66% higher among Hispanics, and 77% higher among non-Hispanic blacks.^[@B2]^ Data from the 2009 Indian Health Service\'s (IHS) National Patient Information Reporting System show that ∼14% of American Indians and Alaska Natives aged 20 years or older who received care from the IHS had diabetes.^[@B2]^ In addition, gaps exist between the percentage of non-Hispanic whites who receive all 3 recommended diabetes clinical services (hemoglobin A1c testing, eye examination, and foot examination; 42.4%) and the proportion of Hispanics who do (33.8%). In 2005, there were differences between the percentages of blacks and whites who received these services (37% and 41%, respectively) as well; however, they were not statistically significant.^[@B3]^ These statistics also point to the large financial burden that diabetes places on health systems, communities, and patients managing diabetes.

The prevalence of diabetes in the United States is expected to double over the next 25 years, bringing about related increases in service needs and costs.^[@B4]^ The largest increases in prevalence will be among groups currently experiencing the largest diabetes burden, such as blacks.^[@B5]^ These increases will require large-scale implementation of evidence-based approaches across the United States to help patients, communities, and health systems manage diabetes, stem disease progression, and potentially slow the increase of health care expenditures caused by diabetes.

Since 2007, the Camden, New Jersey Coalition of Healthcare Providers (the Coalition) has coordinated a citywide project to provide care management and transitional primary care for city residents who are the highest users of Camden\'s emergency departments (EDs) and hospitals in an effort to improve quality and reduce expensive hospital utilization among this high-utilizing group. The Coalition successfully piloted this "hot-spotting" technique and was among the first organizations to systematically identify and intervene with high users using multidisciplinary, community-based teams as a way to decrease utilization.^[@B6],[@B7]^ In 2009, the Coalition extended this work to include a specific focus on diabetes with a 5-year, multilevel, multicomponent initiative to help address health and health care disparities with respect to type 2 diabetes. The initiative included both a focus on high utilizers, for whom case management was used to help control their diabetes progression, and the broader population of individuals with type 2 diabetes, for whom group-based diabetes self-management programs were developed.^[@B8]^

Purpose {#s002}
-------

The purpose of this study is to test whether the strategies implemented in Camden through the Coalition\'s Diabetes Self-Management Education (DSME) program reduced hospital utilization and costs. Some evidence suggests that intervening with high utilizers of health care, as the Coalition has done before, can decrease costs.^[@B9]^ The Coalition demonstrated some cost savings in a small group of high utilizers who had diabetes,^[@B9]^ but this association has not been tested in a group of patients who are receiving community-based, self-management education. The study team hypothesized that community-based DSME provided to individuals without a case management component would have a small but detectable effect on hospital utilization and costs, and specifically examined whether the program decreased the use of hospital services in the short term. The team also hypothesized that persons who completed the DSME program would have lower rates of ED use and inpatient stays in the following year compared to individuals who participated but did not complete the program.

The Camden DSME program {#s003}
-----------------------

Diabetes self-management interventions aim to improve glycemic control, improve other clinical indicators, and prevent acute and chronic complications. The Camden program has 5 community-based diabetes mellitus education sites based on the American Diabetes Association/American Association of Diabetes Educators guidelines. The program offers an 8-class diabetes education and nutrition curriculum in both English and Spanish. The program also hosts "Ask a Heath Provider," which occurs weekly for 2 hours, and "Diabetes Day," which occurs monthly. The DSME program also incorporated features of Project DULCE, a community-based, culturally appropriate, nurse case management, peer education diabetes care model.^[@B12]^ Internal medicine providers refer patients to a nurse coordinator who will provide a 50-minute visit focused on building rapport and teaching diabetes management. The nurse will act as a case manager and help patients to access appropriate resources while also acting as a liaison to providers. Each patient then begins an 8-week course learning an evidence-based DSME curriculum from a peer educator, a Camden resident with diabetes. Participation is defined as attendance at 1 or more of the classes offered. Thirteen cohorts of enrolled patients completed the DSME program developed by the Coalition.

Data {#s004}
====

Two data sets were used for the analyses: (1) data from medical records and (2) data from the Camden Health Database, a citywide data set of hospital encounters.^[@B6]^

Data from medical records {#s005}
-------------------------

The Coalition constructed a data set from medical and participation records for use in the evaluation of its program. The data included participation and demographic information for approximately 125 participants as well as clinical measures for a subset of those participants. The study team used these data to assess changes in selected clinical measures. The team also used them to assign participants as "high-intensity" or "low-intensity" participants because it was hypothesized that the high-intensity group would be more likely than the low-intensity group to have lower hospital utilization and costs after completion of the program. High intensity indicates that individuals attended 6 or more of the 8 sessions and were considered to have "graduated"; low intensity indicates that they attended at least 1 and up to 5 sessions in the curriculum. The enrollment data set also included demographic information on 84 additional individuals who met the criteria to be part of the DSME program and who were on the recruitment roster but who did not participate. All individuals had been diagnosed with type 2 diabetes.

The Camden Health Database {#s006}
--------------------------

The Camden Health Database is an aggregate of 10 years of patient and visit-level information about hospital services and health care cost data from Camden\'s 3 major health systems. The data set includes information about the use of hospital services (inpatient stays, observation stays, and ED visits) as well as demographic, financial, and clinical variables about those who received services. The file contained discharge abstracts for 132,454 unique individuals with admissions for calendar years from 2002 through 2012 (the latest discharge date was February 24, 2013). Important analytic variables included age, sex, zip code, admission and discharge dates, source of payment (auto insurance, charity, commercial, correctional, Medicaid, Medicare, military, self-pay, workers\' compensation), charges and receipts, and diagnoses. The participation and medical record data were linked to the Camden Health Database using probabilistic matching techniques to assess hospital utilization and costs over time among participants in the DSME program. The study team also used the data set to construct a comparison group of individuals with characteristics similar to those of the participants. Because the Camden Health Database only includes data for Camden residents visiting Camden health systems, there is a potential for missing encounter data, although separate analyses by the Coalition have demonstrated that roughly 95% of hospital visits for Camden\'s adult population take place in Camden. However, the database also is vulnerable to movement in and out of the city, as nonresident data from the hospitals are not included.

Individuals in the Camden Health Database were identified as having diabetes through the diagnosis codes on the file (*International Classification of Diseases, Ninth Revision* codes used to identify persons with diabetes are 250, 357.2, 362.01--362.07, 366.41, V58.67). Individuals who were younger than age 18 years, who had diagnoses indicating type 1 diabetes or whose data were incomplete, were excluded from the linkage file. ED visits and inpatient stays are mutually exclusive events in the analyses. If a person was admitted to the hospital but had been admitted through the ED, the event was coded as an inpatient stay and did not count as an emergent visit. The study team calculated the hierarchical condition category score as a measure of health status for all individuals in the data set using records for 2 years before the date of record. The team also calculated a comorbidity index for all individuals in the data set using the Charlson comorbidity index. The final analytic data file constructed from the data set comprises records for 87,261 individuals.

Methods {#s007}
=======

The utilization analysis assessed 3 outcomes: (1) ED visit rates, (2) inpatient admission rates, and (3) total hospital charges. The study team analyzed these outcomes separately for the DSME participants. The analyses estimated intervention effects by assessing the changes in outcomes between the baseline (preintervention) period and the postintervention period. As part of this study, the study team also assessed changes in selected clinical values---hemoglobin A1c levels, blood pressure, weight, low-density lipoprotein (LDL) levels, and triglyceride levels---for DSME participants and for 1 comparison group.

Design {#s008}
------

The study team completed 2 sets of utilization analyses on the DSME program (data set). One set of analyses used only the intervention data from the 123 participants to assess changes over time. The second set of analyses compared the outcomes from the participants with outcomes for 2 separate comparison groups. Comparison group 1 (CG-1) comprised 54 individuals who met the criteria for participation and who were on the recruitment list but who did not participate in the program. Comparison group 2 (CG-2) comprised individuals who were selected from the Camden Health Database, using propensity score methods to adjust CG-2 to resemble the intervention group more closely. Both stratification and covariate adjustment were used. Propensity scores were calculated using logistic regression with age, sex, and Charlson score as covariates to predict membership in the intervention group. Propensity score strata were then created by identifying the propensity score quantiles from the intervention group and then identifying individuals in CG-2 who had propensity scores within the 5 strata defined by these quantile values. Each propensity score stratum represents a group of comparison and intervention participants who have similar propensity scores---and thus similar characteristics---as defined by the propensity score quintiles. These propensity score strata were then also used in the analysis both as a stratifying variable and as a covariate.

The study team also calculated the mean changes in clinical measures for participants at the beginnings of their periods of participation and afterward. The team also calculated mean changes for CG-1 over the same periods. Clinical measures were available for a subset of participants and comparisons because they were taken during periodic medical visits and were completed by physicians as part of providing routine medical care.

Study period {#s009}
------------

A 3-year period was selected for assessing the outcomes: from 2010 through 2012. Up to 12 quarterly observations were used per participant. Some of the quarters were for periods before the start of the DSME program, and other quarters occurred after the start of the DSME program. The DSME course was repeated for different sets of enrollees. Start dates for participants varied according to the iteration in which they enrolled. The study team removed the quarter in which a participant started the intervention because it was not apparent whether that quarter should be considered a baseline observation or a postintervention observation. Some DSME participants had quarterly data only during the baseline period (before the Camden programs were taking place), whereas others contributed to both the baseline period and the postprogram period.

Regression models {#s010}
-----------------

Multivariate regression models were used for the utilization analyses. Generalized estimating equations (GEEs), Poisson, and nonlinear zero-inflated Poisson regression models were used to estimate changes in hospitalization rates and ED visit rates. Logistic gamma hurdle models were used to assess costs. Models estimated the changes in both utilization rates and costs over time for the participant groups, as well as changes over time relative to the changes over time for the comparison groups. The models used to compare the participant group with the comparison group included an indicator for the group (intervention or comparison) and were either (*a*) stratified by the propensity score quintile group or (*b*) the propensity score quintile group was used as a 5-level factor covariate. The study team selected these models because, in most periods (in this case, quarters), most individuals will not use hospital services or have costs. The models assess both the likelihood of having any costs, visits, or stays and the amount of costs, visits, or stays given that individuals had nonzero numbers of these. The models controlled for payer type, sex, age, time, comorbidities, and whether the participation in the DSME was low intensity or high intensity. (The GEE models included payer type and sex as fixed covariates, while time, age, Charlson score, and intervention utilization were time-dependent covariates. The time covariate was a 12-level factor variable, 1 level for each quarter during 2010 through 2012. The payer type covariate was a 5-level factor variable. The intervention intensity covariate was a 3-level factor variable: *pre*, *low*, and *high*.) The *pre* level represents quarters before the start of any intervention, the *low* level represents quarters in which the subject was identified as a low-intensity participant in the intervention, and the *high* level represents quarters in which the subject was identified as a high-intensity participant.

The results are estimated ratios of mean utilization rates and costs among periods of high-intensity participation relative to periods of preintervention participation. (The zero-inflated Poisson models included random intercepts for subjects in the logistic component, whereas the Poisson component included random subject intercepts, age, sex, Charlson score, payer type, and intervention levels as covariates. The logistic gamma hurdle models included random subject intercepts in the logistic component, and the gamma component included random subject intercepts, age, sex, Charlson score, payer type, and intervention levels as covariates.) Results from the models that included a comparison group were estimated ratios of mean utilization rates and costs among preintervention periods, low-intensity participation periods, and high-intensity participation periods relative to the comparison group.

Results {#s011}
=======

Use of hospital services {#s012}
------------------------

[Table 1](#T1){ref-type="table"} presents the annual utilization rates and monthly costs for participants in the DSME program and for both comparison groups. The table presents the rates (for inpatient stays and ED visits) and costs (for charges) for program participants in the baseline (pre-program) period (beginning in 2010), followed by the rates and costs in the period after participation.

###### 

[Utilization Rates for DSME Program Participants and Comparison Groups]{.smallcaps}

                                               *Postprogram rates*                                 
  ----------------------------- -------------- --------------------- -------------- -------------- --------------
  Inpatient stays (per year)                                                                       
   Total                        88             12                    17             119            7659
   Rate                         0.32           0.40                  0.41           0.47           0.28
   CI                           (0.25, 0.40)   (0.17, 0.62)          (0.22, 0.60)   (0.38, 0.55)   (0.28, 0.29)
  Emergency department visits                                                                      
   Total                        290            29                    42             346            23,765
   Rate                         1.07           0.96                  1.01           1.37           0.88
   CI                           (0.95, 1.19)   (0.61, 1.31)          (0.71, 1.32)   (1.22, 1.51)   (0.86, 0.89)
  Costs                                                                                            
   \$ per month                 1579           3088                  2993           2919           2071
   CI                           ±411           ±2031                 ±2202          ±750           ±76

CG-1 comprised 54 individuals who met the criteria for participation and who were on the recruitment list but who did not participate in the program. CG-2 comprised individuals selected from the Camden Citywide Claims data set, using propensity score methods to adjust CG-2 to resemble the intervention group more closely.

CI, 95% confidence interval; CG-1, comparison group 1; CG-2, comparison group 2; DSME, diabetes self-management education; PY, person-years.

Baseline inpatient rates for participants were about 0.32 per person annually (equivalent to 1 stay every 3 years per person) and increased slightly after the program. ED visit rates were about one per year both before and after the program. ED visit rates for individuals in CG-1 were slightly higher; rates for CG-2 were about the same as the participants. Before the start of the program, hospital costs were close to \$1600 monthly for the participant group ([Table 1](#T1){ref-type="table"}). In the years after the DSME program began, costs were approximately \$3000 for both the participants and the persons in CG-1. Costs were lower for persons in CG-2.

The first analyses assessed the change in outcomes after participation in the DSME program (data not shown). Inpatient stays declined by about half among the low-intensity group (rate ratio of 0.45; *P* = 0.02) but did not change among the high-intensity participants. ED visit rates remained about the same over time for both groups. The high-intensity group incurred greater hospital charges after participation (ratio of 1.80; *P* = 0.03), and charges remained about the same for the low-intensity group.

There were few differences between low- and high-intensity participants. In fact, low-intensity participants appeared to have lower hospital costs and fewer hospital admissions than the high-intensity group. This is counterintuitive and contradicts the study hypothesis that high-intensity participants would be more likely to have lower costs and utilization rates after graduating from the program.

The next set of analyses, summarized in [Table 2](#T2){ref-type="table"}, assessed the changes in outcomes relative to the 2 comparison groups: CG-1 being those who met the criteria for enrollment but did not participate and CG-2 being persons in the Camden Health Database who were assigned to a second comparison group using propensity score methods. Results are expressed as the ratio of events or costs for the participants relative to each comparison group in both the baseline and post-program periods.

###### 

[Rate Ratios Comparing the DSME Intervention Group and Comparison Groups]{.smallcaps}

                                *DSME participants relative to CG-1*^[a](#tf4){ref-type="table-fn"}^   *DSME participants relative to CG-2*^[b](#tf5){ref-type="table-fn"}^                       
  ----------------------------- ---------------------------------------------------------------------- ---------------------------------------------------------------------- ------------------- -------------------
  Inpatient stays (per year)                                                                                                                                                                      
   Rate ratio                   0.97 (*P* = 0.86)                                                      0.52 (*P* = 0.33)                                                      1.41 (*P* = 0.09)   1.33 (*P* = 0.16)
   CI                           0.65, 1.44                                                             0.14, 1.92                                                             0.94, 2.10          0.90, 1.97
  Emergency department visits                                                                                                                                                                     
   Rate ratio                   0.86 (*P* = 0.40)                                                      0.77 (*P* = 0.51)                                                      0.99 (*P* = 0.95)   0.94 (*P* = 0.84)
   CI                           0.62, 1.21                                                             0.35, 1.67                                                             0.76, 1.29          0.54, 1.64
  Costs                                                                                                                                                                                           
   Cost ratio                   1.01 (*P* = 0.99)                                                      1.27 (*P* = 0.72)                                                      ---                 ---
   CI                           0.39, 2.63                                                             0.33, 4.92                                                             ---                 ---

CG-1 comprised 54 individuals who met the criteria for participation and who were on the recruitment list but who did not participate in the program. CG-2 comprised individuals selected from the Camden Citywide Claims data set, using propensity score methods to adjust CG-2 to resemble the intervention group more closely.

Utilization measures were analyzed using a zero-inflated Poisson model. Costs were analyzed using a logistic gamma hurdle model. Statistics for post results are based on weighted averages of model results from low- and high-intensity participants.

Utilization measures were analyzed using a GEE Poisson model, where propensity score quintile group was used as a covariate. Costs were not analyzed using GEE methodology because of non-normality. GEE models instead of zero-inflated/hurdle models were used in this analysis because of large sample size. Statistics for post results are based on weighted averages of model results from low- and high-intensity participants.

CI, confidence interval; DSME, diabetes self-management education; GEE, generalized estimating equation.

Participants in the DSME program had slightly lower inpatient and ED visit rates over time relative to persons in the comparison groups. Relative to CG-1, inpatient rates were about the same in the baseline period but were about half those of CG-1 after the program ([Table 2](#T2){ref-type="table"}). This relative decline was not statistically significant, however. ED visit rates were slightly lower than those in CG-1 in both periods, and the rate ratios changed little and were not statistically significant. Costs were essentially the same among participants and comparisons in the baseline period but were about 25% higher in the post period for the DSME participants relative to the comparisons. Relative to CG-2, inpatient rates were higher for DSME participants both before and after the program took place and also improved slightly in the post period. The relative difference was small and not statistically significant. As reported in the tables, the study did not find reductions in the use of hospital services or costs among participants in the DSME program over time or relative to the comparisons over time.

Clinical measures {#s013}
-----------------

Mean hemoglobin A1c levels for both the participants and nonparticipants improved by 3 percentage points, but the overall levels were much lower for participants: final values were 7.9 for participants and 8.8 for nonparticipants (data not shown). Both LDL levels and triglyceride levels improved for participants (by 6 and 8 mg/dL, respectively) but remained essentially the same for nonparticipants. Changes in blood pressure and weight loss could not be assessed for participants because only 15 participants were measured for these. Changes in clinical indicators associated with the DSME program were promising but were not statistically significant because of small sample sizes. Results from the 5 sites combined, which were part of the Alliance to Reduce Disparities in Diabetes, showed statistically significant decreases in hemoglobin A1c levels and blood pressure.^[@B13]^

Discussion {#s014}
==========

Funders, stakeholders, and policy makers often expect programs for persons with chronic conditions such as diabetes to "bend the cost curve" for the individuals served, primarily by reducing the use of expensive hospital services. This study assessed whether a diabetes self-management program, as part of a multicomponent, multilevel initiative, improved costs in the short run, specifically as related to hospital services such as ED visits and inpatient stays.

This study found no bend in the cost curve for those participating in the DSME programs as had been previously found for some care management interventions for high health care utilizers.^[@B9]^ DSME deployed at the community level, without explicit segmentation and targeting of high health care utilizers, might not reduce short-term medical needs for participating individuals. Many medical needs and reasons for inpatient stays and ED visits are not directly related to diabetes (although any chronic illness may affect symptoms caused by other illnesses or how a patient is treated for other conditions). These individuals might continue to have hospitalizations or ED visits that are not closely related to or caused by having diabetes, and thus, they may not have been affected by the DSME program. High utilization rates and costs for diabetes tend to be associated with longer term progression of the disease and its sequelae; thus, DSME or peer support may not affect these values over the course of a 1- to 3-year study but could have an affect later in individuals\' lives.

There are several possibilities to consider regarding the observed outcomes for participants in the DSME program. The sample size for this study was small, with 123 persons participating in the DMSE program and 48 completing it, and with 98 having post-period observations. Consequently, results related to short-term use of hospital services and the associated costs could not be detected. One limitation of this study is the likely nonequivalence of the comparison groups and participant groups. The baseline hemoglobin A1c values for nonparticipants in CG-1 were almost a full percentage point higher than for the comparison population, suggesting that the 2 groups were different in the progression of their diabetes when the DSME program began. This discrepancy likely is correlated with the willingness to participate in the program.

The goal of DSME is to slow disease progression so a portion of the long-term adverse events associated with diabetes can be avoided, resulting in lower utilization and costs. Adverse events related to diabetes include kidney failure, amputations, and diabetic neuropathy. These sequelae are not frequent events among persons with recent diagnoses. This study did not assess the longer term effects of DSME; rather, it focused solely on near-term effects. The observed improvements in some clinical measures could affect costs and utilization in the longer term, but expecting educational programs to lead to short-term cost savings is not realistic.

The baseline utilization rates of about 0.3 annually for inpatient stays and about 1 annually for emergent visits for DSME participants, while higher than average, were not at the levels seen for individuals who would be considered high utilizers of hospital services in the Camden area. Even if the hospital use was considered excessive, neither the goals nor the curriculum of the DSME program was intended to address use of hospital services directly. The DSME program addresses how to achieve control of clinical indicators, how to live a healthier life with diabetes, and how to manage acute and chronic symptoms associated with diabetes. A different kind of intervention with an explicit strategy to reduce overuse of hospital services would be needed to address what would be considered routinely unnecessary use for this group of participants or others. The results of this study can inform expectations about interventions for underserved populations and evaluation design features needed to discern and interpret program effects, as well as expectations related to cost savings. If affecting utilization and costs are a program\'s objective, communities, policy makers, and stakeholders need to work with payers, patients, and providers to ensure programs have specific components in place to affect them. Successful population health programs recognize the need to include process, clinical, service, and financial outcomes in the design of their programs.
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